Background Low-grade (Gustilo and Anderson Type I or II) open distal radius fractures (DRFs) have been treated by volar locking plate fixation. However, it is unclear whether the outcomes after volar locking plate fixation for lowgrade open DRFs are comparable to those for closed DRFs. Questions/purposes We asked whether low-grade open DRFs had worse DASH scores and higher infection rates than closed DRFs when the DRFs were treated by volar plate fixation. Methods Twenty consecutive patients treated by volar locking plate fixation for low-grade open DRFs constituted the open fracture group, and 40 patients were selected from among the total number of patients treated by volar, locking plate fixation for closed DRFs as the closed fracture group. Complications including infection were recorded. Clinical outcomes and radiographic assessments were performed postoperatively at 3 months and 1 year.
Introduction
Although distal radius fractures (DRFs) are among the most common extremity fractures, little information is available in the literature regarding management of open DRFs because they are uncommon [21] . Although several studies have reported results for treatment of open DRFs [5, 12, 21] , these studies were case series (not comparative studies) that mainly focused on risk factors for development of deep infection. In addition, several treatment methods were used in those studies, although external fixators were used in most cases.
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Patients and Methods
This study was approved by our institutional review board. Four hundred five consecutive patients, 18 years or older, were treated surgically for DRFs at our institution between March 2006 and May 2010. The indications for surgery were unstable fractures with one or more of the following radiographic parameters: dorsal angulation greater than 0°, palmar angulation greater than 20°, an articular gap or stepoff greater than 1 mm, a radial inclination less than 15°, or radial shortening greater than 3 mm after a single attempt at closed reduction.
Of Of the patients treated surgically for DRFs, 383 were treated for closed DRFs, and of these, 361 patients were treated by open reduction and volar locking plate fixation. Twenty-two patients underwent fracture fixation using other methods. Four patients with fracture of the dorsal articular margin with dorsal radiocarpal subluxation were treated by dorsal plating. Six patients with a severe comminuted intraarticular fracture were treated using volar and dorsal plating. Four patients who had a displaced fracture of the scaphoid facet alone (OTA Type B1) were treated with radial column plating. Eight patients who refused plate application were treated using K-wire fixation. These 22 patients treated by other than volar locking plate fixation were excluded from this study.
The study exclusion criteria were: (1) a neurologic injury or disorder; (2) a systemic disease, such as rheumatoid arthritis, ankylosing spondylitis, multiple myeloma, and chronic renal failure; The dominant wrist was injured in 10 of the patients with open fractures, and the mechanisms for their injuries were slipping (n = 9), falls from heights greater than 1 m (n = 4), industrial accidents (n = 2), and motor vehicle accidents (n = 5). All 20 patients initially were treated with intravenous antibiotics and tetanus prophylaxis in our emergency room, and all underwent wound débridement and initial volar locking plate fixation within 48 hours of injury. One patient with a Gustilo and Anderson Type II open fracture subsequently required a split-thickness skin graft. All 20 patients visited our clinic postoperatively at 3 months, but two missed their 12-month followups.
We selected 40 patients (closed fracture group) from among the 330 who were treated by volar locking plate fixation for closed DRFs. These patients were individually matched to members of the open fracture group at a 2:1 ratio, by sex, age, the presence of a distal ulnar fracture, injury mechanism, plate design, and the fracture type defined by the OTA fracture classification [13] (Table 1) . All patients in the open fracture group had more than two matched patients. If there were more than three matched patients, we selected two among the matched patients who had the closest surgical dates to those of the open fracture group, chronologically.
Postoperative clinical assessments were performed by a trained physiotherapist (JMN) who was blinded to treatment details at 3 months and 1 year. Clinical assessments included grip strength, wrist ROM, wrist pain, and DASH scores [8] . Grip strengths were measured using a Jamar 1 dynamometer (Lafayette Instrument, Lafayette, IN, USA) with the elbow flexed at 90°and the forearm in neutral rotation. Values are expressed as percentages of the values of contralateral (uninjured) wrists. Regarding grip strength calculations, we allowed 10% for the greater strength of the dominant hand when the right hand was dominant but made no allowance when the left hand was dominant [3, 20] . Wrist ROM (extension, flexion, supination, pronation) was measured using a hand-held goniometer, and results were also expressed as percentages of the contralateral wrists. Wrist pain during daily activities was assessed using a VAS, where 0 indicated no pain and 10 indicated the most severe pain. The DASH questionnaire consisted of 30 items addressing abilities to perform specified activities (21 items) and symptoms (nine items). DASH scores range from 0 to 100 and higher scores indicate greater disability. DASH scores were used as the primary outcome variables in this study.
Quality of radiographic reduction (radial inclination, volar angulation, ulnar variance, and an articular step-off) and arthritic degeneration of the radiocarpal joints each was assessed on the immediate (3-month) and 1-year postoperative plain posteroanterior and lateral wrist radiographs. Radial inclination and volar angulation were measured as described by Goldfarb et al. [6] , and ulnar variance was measured using the method described by Medoff [15] . An articular step-off was measured using the longitudinal axis method described by Cole et al. [2] . Arthritic grade [11] was measured postoperatively at 1 year as follows: not specific, Grade 0; slight narrowing of the radiocarpal joint, Grade 1; marked joint narrowing with osteophyte formation, Grade 2; and no joint space with osteophyte formation, Grade 3. Radiographic evaluations were performed by two of the authors (KJK, PSD) who were blinded to the fracture condition. One was an expert on hand surgery and the other was in hand fellowship training. Disagreements during radiographic evaluations were settled by consensus.
Postoperative complications were recorded by one of the authors (KJK) who was aware of treatment details. Complications were categorized into seven items: tendon irritation/rupture, failure of reduction, nonunion, infection, skin dehiscence, and finger stiffness. Failure of reduction was defined as the presence of one of the following: (1) dorsal angulation greater than 10°; (2) volar angulation greater than 25°; (3) articular step-off greater than 2 mm; or (4) radial shortening greater than 5 mm [25] . Complications were dichotomized as major and minor. Major complications were defined as any adverse outcomes requiring additional surgical intervention [25] , and minor complications were defined as any bothersome postoperative outcomes not requiring subsequent surgery [25] . For example, a superficial infection requiring prolonged antibiotic therapy for sustained redness and swelling around the wound but which resolved within 2 weeks of antibiotic therapy was considered a minor complication, whereas a deep infection that required irrigation and débridement was considered a major complication.
A post hoc power analysis was performed for DASH score as one of the primary outcome variables of this study. The minimal clinically important difference of a DASH score for a patient with a wrist problem has been reported to be approximately 10 [22] , and the SD of a DASH score in a distal radius fracture also is approximately 10 [9, 10] . A sample size of 18 patients in the open fracture group and 40 in the closed fracture group at 1 year after surgery would provide 92% power with a Type I error rate of 0.05.
A post hoc power analysis also was performed for infection rate as another primary outcome variable of this study. The infection rate was reported as 0.3% when closed DRFs were treated by volar plate fixation [23] , whereas the incidence requiring a subsequent irrigation and débridement for infection control was reported as 17% in open DRFs [5, 21] . Therefore, when we assumed the infection rate of closed DRFs was 0.3% and the proportion inequality of the infection rate in open DRF was 17%, a sample size of 20 patients in the open fracture group and 40 in the closed fracture group at 3 months postoperation would provide 66% power with a Type I error rate of 0.05.
The Mann-Whitney U test was used to evaluate intergroup differences for continuous variables, and the chisquare test or Fisher's exact test was used to evaluate differences for categorical variables. All statistical tests were two-sided and p \ 0.05 was considered significant.
Results
At 3 months after surgery, flexion and extension were better in the closed fracture group than in the open fracture group, and grip strengths and DASH scores also were better in the closed fracture group (Table 2) ; however, no intergroup differences were observed for wrist ROM, grip strength, and VAS or DASH scores 1 year after surgery ( Table 3 ).
No intergroup difference was found for any radiographic parameter ( Table 4 ). The mean articular step-off was 0.4 mm (SD, 0.6 mm) in the open fracture group and 0.3 mm (SD, 0.4 mm) in the closed fracture group (p = 0.89). Two patients in each group showed a Grade 1 radiographic arthritis change at 1 year postoperation, and the incidence of arthritic change was not different between the two groups (p = 0.83).
There was no difference in the incidence of major (p = 0.26) or minor (p = 0.10) complications between groups. Two major complications occurred in the open fracture group and one major complication occurred in the closed fracture group (Table 5) This study had several limitations. First, we compared outcomes between open and closed DRF groups after volar plate fixation. However, the closed DRF group was selected from a patient pool with closed DRFs by a matching technique, which eventually could be influenced by selection bias. Second, although there had been no report on major complications, such as infection and nonunion in low-grade open DRFs after plate fixation, this study was slightly underpowered for statistical analysis of the infection rate. Three studies [5, 12, 21] Although several studies have indicated that immediate plate fixation is a safe treatment method for low-grade open fractures of the upper extremity [4, 16] , the main treatment modality used for open DRFs is external fixation. In fact, immediate plate fixation rarely was used in previous studies [5, 21] . In a study by Rozental et al. [21] , immediate plate fixation was used in only two of 18 patients, and in a study by Glueck et al. [5] , none of the 42 patients were treated by immediate plate fixation. In a recent study by Kurylo et al. [12] , however, seven of 32 patients were treated by immediate plate fixation, and they [12] concluded immediate plating was probably a safe treatment option for low-grade open DRFs because no deep infection was encountered in their series. In our study, we prospectively used volar plate fixation for all low-grade open DRFs at initial débridement, and all fractures healed uneventfully without deep infection and nonunion.
The use of open reduction and internal fixation for treatment of DRFs has increased substantially [1, 14] , probably because of the introduction of the volar locking plate system for treatment of unstable DRFs [17] [18] [19] . We believe a volar locking plate can be a reasonable treatment option, especially for low-grade open DRFs, because it firmly stabilizes fracture fragments, and sufficient volar soft tissue is available to completely cover the plate, regardless whether the open wound is located on the volar or dorsal side of the wrist.
Although a couple studies [21, 24] 
